Heart rate and rhythm were studied in conscious children and children under nitrous oxide and halothane anaesthesia following intravenous administration of atropine or glycopyrrolate. Both drugs produced a similar increase in heart rate when the potency of glycopyrrolate is considered twice that of atropine. There is no difference in the response of anaesthetised and awake children. lunctional rhythm is the main dysrhythmia observed which appears to occur more frequently in anaesthetised children. The administration of both drugs is safe in paediatric patients.
There have been many reports of the use of glycopyrrolate in anaesthesia in adult patients comparing it with atropine.'-6 Most of these studies have demonstrated a greater degree of cardiovascular stability with the use of glycopyrrolate. Although some studies with this drug in children have been reported 7 -1O there is only limited information available on its effects, following intravenous administration, on cardiac rate and rhythm in paediatric patients. This route of administration is used for the inhibition of the oculo-cardiac reflex and the treatment of suxamethonium and other intraoperative bradycardias. Samra and Cohen 11 reported the effects of these drugs on heart rate and rhythm in a small series of anaesthetised children but the effects, particularly on heart rate, could be different from those in conscious children, as is known to be the case with atropine in adultsY, 13 In the *M.D., F.F.A.R.C.S., Consultant Anaesthetist. **BPharm., M,P.S., Manager, Clinical Research. present investigation, the effects of intravenous administration of the two anticholinergic drugs on heart rate and rhythm in children either prior to induction of anaesthesia, or under steady-state halothane anaesthesia, are reported.
METHODS
Children between the ages of one and fourteen years undergoing elective ophthalmic surgery were studied. All were otherwise healthy and not receiving any medication. The study was approved by the regional ethical committee.
Premedication consisted of 1.0 mg/kg pethidine administered intramuscularly approximately one hour prior to anaesthesia and surgery. Electrocardiographic (ECG) monitoring was started on arrival in the anaesthetic room and a venous cannula inserted. No recordings were made for the next 15 to 20 minutes to let the children "feel at ease" and attain stable heart rates. The children were randomly assigned to one of the two broad groups, those receiving the Anaesthesia and Intensive Care. Vu!. X, No. 4, November, 1982 anticholinergic drugs prior to induction of anaesthesia (the awake group), or those being anaesthetised first and then given the study drugs. In each group, either atropine or glycopyrrolate was administered double-blind from specially prepared ampOUles. In the awake group, once the child appeared settled, a base line ECG recording was made and blood pressure measured. The drug was then administered and ECG recorded continuously for the next five minutes, at the end of which the study was terminated and the child anaesthetised.
In the group to be studied under anaesthesia, induction of anaesthesia was achieved with intravenous thiopentone (5-6 mg/kg) or 66 per cent nitrous oxide in oxygen and halothane. Once steady-state anaesthesia had been attained and with the child breathing 1.5 per cent halothane for at least ten minutes, the base line ECG recording was made. Atropine or glycopyrrolate were then administered and ECG recorded continuously for the next five minutes at the end of which the study was terminated and further anaesthetic management carried out as appropriate.
In the awake group, two doses each of atropine and glycopyrrolate were studied, 10 or 15 J.lg/kg of atropine or 5 or 7.5 J.lg/kg of glycopyrrolate, whereas in anaesthetised children, only the lower dose of each drug was studied. There were twenty patients in each of the six groups.
Serial changes in each group were analysed using a paired t test and a non paired t test was applied where numerical data between the groups was compared. For each group n = 20.
RESULTS
The ages and weights of the various groups are given in Table 1 . The patients are generally comparable except that those in the groups administered the study drugs while awake were slightly older.
The mean heart rates following the administration of anticholinergic drugs in awake patients are shown in Table 2 . Both drugs produced significant and dose-related increases in heart rate in awake patients.
The increase in heart rate following 5 J.lg/kg glycopyrrolate and 10 J.lg/kg atropine were similar. The mean heart rates in the group given 15 J.lg/kg atropine were not significantly different from the group given 7.5 J.lg/kg of glycopyrrolate. Table 3 shows the mean heart rates following the anticholinergic drug administration in children during halothane anaesthesia. Both atropine 10 J.lg/kg and glycopyrrolate 5 J.lg/kg produced a significant increase in heart rate during the whole five-minute period of study, Heart rates in patients given the anticholinergic drugs prior to anaesthesia (mean and standard deviation). 
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For each group n = 20. and the mean heart rates in the two groups were not significantly different from each other during this time. The mean heart rates following atropine 10 J-lg/kg were compared in awake and anaesthetised patients, and these were not significantly different from one to five minutes. The mean heart rates in awake and anaesthetised patients following administration of glycopyrrolate 5 J-lg/kg were again similar (Tables 2 and 3 ). The time to attain peak effect in the various groups is shown in Table 4 . It shows that the time to attain this was similar following both atropine and glycopyrrolate but appeared to be somewhat longer in anaesthetised patients. However, this difference in the time to attain peak effect between awake and anaesthetised patients was significant (p < 0.05) only in those receiving atropine 10 J-lg/kg. The rise in heart rate was, however, evident in all the groups from the first minute onwards.
The incidence of dysrhythmias is given in Table 5 . Dysrhythmias were mainly accelerated junctional rhythm and occurred more often in anaesthetised patients. The time for the occurrence of this rhythm was between three and five minutes following the administration of glycopyrrolate, whereas it occurred mostly in the first two minutes in those given atropine. In addition, one awake patient each from the group recelvmg atropine 15 J-lg/kg and glycopyrrolate 5 J-lg/kg exhibited occasional atrial ectopic beats during the period of the study. One anaesthetised patient receiving glycopyrrolate showed occasional ventricular ectopic beats prior to injection of the anticholinergic drug, and these persisted for three minutes and disappeared subsequently.
DISCUSSION
The present study indicates that both atropine and glycopyrrolate increase the heart rates similarly when a potency ratio of 2: 1 is used. This is dose-related in conscious children, where the effects of the drugs were studied at two dose levels. However, there are no significant differences in the mean heart rates between awake and anaesthetised children. This is in contrast to the findings in adults where the chronotropic effects of atropine are more pronounced under anaesthesia. l2 , 13 Similarly, glycopyrrolate produces greater effects on heart rate in anaesthetised conscious adults. 14 ,15 The reason for this difference between adults and children is not clear. Lavis and her colleagues lO found no increase in heart rate at one minute in children administered glycopyrrolate in contrast to atropine prior to induction of anaesthesia. We, however, observed increases in heart rate with both drugs, even at one minute, although the rise with glycopyrrolate was smaller than that seen with atropine. Moreover, two of the doses of glycopyrrolate used in the study by Lavis and colleagues were quite small. In addition, the size of the groups studied was also small. It is also known, albeit in adults, that glycopyrrolate is significantly slower than atropine 1s in attaining its peak effect. The present study shows the time to attain peak effect to be even longer in children. Although the time to attain peak effect of both atropine and glycopyrrolate appears to be longer than in adults, particularly anaesthetised adults, 15 the greater proportion of the rise in rate had occurred by the second minute (Tables 2 and 3 ). Samra and Cohen" do not indicate the time to attain peak effects of atropine and glycopyrrolate in their study, although glycopyrrolate produced insignificantly greater increase in heart rate at five minutes. The smaller increases in heart rate associated with the use of glycopyrrolate in reversal mixtures with neostigmine have been explained by the fact that both this drug and neostigmine being quaternary ammonium compounds have similar onset times, in contrast to atropine which is a tertiary compound and acts earlier .1, 3, 9, 16 The incidence of dysrhythmias in the conscious patients was similar but low with both the drugs, and as in the study of Samra and Cohen" accelerated junctional rhythm was the main dysrhythmia observed. This is not an uncommon observation following administration of anticholinergic drugsy,IS,17,18,19 The incidence was, however, higher (25 0J0) in anaesthetised children in the case of both anticholinergic drugs when equipotent doses were administered. This is in keeping with observations of other workers in adult patients. 12 ,13,18,20,21 No clinically important changes in blood pressure or any other evidence of poor peripheral perfusion were detected and these dysthythmias may be of little clinical importance in this group of patients with healthy ~ardiovascular systems.
Anaesthesia and Intensive Care, Vol. X, No. 4, November, 1982 From this study it can be concluded that both atropine and glycopyrrolate increase the heart rate similarly in children, whether awake or under halothane anaesthesia. As in adults, the potency of glycopyrrolate appears to be twice that of atropine in children. Clinically unimportant dysrhythmias, mainly supraventricular, are seen more commonly in anaesthetised children. The use of glycopyrrolate may be advantageous with its long duration of action and absence of undesirable central effects. 16 ,22 
